HALF a century has passed since Cahn and Hepp (1887) advised the use of acetanilide as an antipyretic. Since that time the coal-tar antipyretics have achieved popularity as efficient and safe antipyretics and analgesics. Their recent widespread use in popular remedies has, however, clearly shown that in chronic use certain members of this group cause grave intoxications involving the leucopoietic mechanism, and resulting in fatal cases of granulocytopenia. In a classical review Kracke and Parker (1933) traced such cases to acetanilide, amidopyrine, and phenacetin, and also to neoarsphenamine and salvarsan. They suggested that the toxic effect was due to the oxidation reactions of the aromatic amino group common to all.
The success which attended the introduction of drugs of the aminobenzenesulphonamide types was quickly followed by reports of toxicity. While the gravest of these were the cases affecting the leucopoietic mechanism-some 12 fatal cases being quoted in the literature (Johnston, 1938 )-the most common was due to a disturbance of the erythropoietic mechanism (Rimington, 1939). Methemoglobinaemia was early reported by Colebrook and Kenny (1936) and substantiated beyond doubt by Hartman et al. (1938) . Archer and Discombe (1937) , and Jennings and Southwell-Sander (1937) , following the work of Kracke and Parker (1933) , gave support to the theory that the aromatic amino group played an active part in the toxicity due to sulphanilamide types of drug. Among the less serious types of intoxication was a rash covering the exposed areas. Brunsting (1937) investigated the possibility that photosensitization had occurred, and reported an increase of porphyrinuria following sulphanilamide. Rimington (1938) was able to demonstrate a marked increase in porphyrin excretion following oral sulphanilamide administration to rats. The isolated pigments proved to be coproporphyrin III together with small quantities of coproporphyrin I. A series of clinical cases showed a similar porphyrinuria due to these two pigments, while similar findings have been reported by Long and Bliss (1938) .
The close connexion between drugs of the coal-tar antipyretic series and drugs of the aminobenzenesulphonamide types prompted this investigation into the chronic toxicity of the antipyretics. Doses of acetanilide, phenacetin, phenazone, amidopyrine, aspirin, and p-aminophenol, fed daily to adult male rats by stomach-tube led to the excretion of abnormal quantities of porphyrin in the urine. Depending on the solubility of the compound and the dose of the drug used, the excretion rose more or less slowly to a maximum in nine days. Equivalent doses of phenacetin and phenazone produced the same degree of porphyrinuria, amidopyrine, and aspirin, were twice as potent, and acetanilide four times, while p-aminophenol was more potent than acetanilide. These effects are paralleled by the acute toxicity of the drugs. The porphyrins were isolated, converted to methyl esters, crystallized and identified as members of the series III isomers, that is, of the same series as haemoglobin. Small amounts of coproporphyrin I were also present. A marked degree of erythrocyte destruction was caused by the drugs as witnessed by a progressive fall observed in the circulating erythrocytes and by an abnormal urobilin output, during the course of the experiments. Histological examination of the spleens from animals treated with the drugs showed a common picture consistent 72 1276 iSectton of Therapeutics and Pharmacology 1277 with this view. Sinuses wAere engorged with red blood-cells, large quantities of stainable iron were present, while much more conspicuous were deposits of brownish non-staining pigment in the pulp. The details of these experiments appear in full elsewhere (Brownlee, 1939) , where evidence has been advanced to show that these drugs are capable of producing a common type of degradation product in p-aminophenol, or quinol. With the exception of aspil in they have been shown to give rise to methaemoglobinaemia in clinical use. Rimington (1939) has recently described a similar investigation covering a wide range of drugs from aniline to soluble prontosil, in an attempt to determine the relationship of porphyrinuria to chemical structure. He found a parallel between the acute toxicity of the drugs and porphyrinuric action. All substances, moreover, known to cause methaemoglobin formation in v'ivo were found to cause increased excretion of urinary porphyrin, and conversely closely related derivatives like p-phenylene-diamine, trichloraniline and methylacetanilide, which do not form methemoglobin were Awithout porphyrinuric action.
It is clear that we are concerned with a group of drugs chemically related to aniline and whose mode of action and toxicity are intimately concerned with the reactions and ultimate fate of this molecule in the organism.
Heubner and his workers have advanced a theory to account for the production of methawmoglobin after the administration of aniline, which can be extended to explain the effects of all these drugs. According to this theory p-iminoquinone is formed, a.nd this oxidizes haemoglobin with the formation of methoemoglobin, being itself reduced to p-aminophenol in the process. The p-aminophenol is then oxidized to p-iminoquinone and the process repeats itself. Some of the antipyretics and sulphanilamide derivatives probably act in exactly this way, and others in similar ways.
In the two series of experiments which have been considered, the conclusion has been reached that drugs which have been shown to produce methaemoglobin in vivo are also capable of producing porphyrinuria due to coproporphyrin III. It seems logical to accept the theory that the oxidation-reduction systems responsible for the oxidation of hamoglobin are also responsible for the formation of copro-porphyrinIII.
We have seen that when these drugs are ingested for a considerable time, destruction of red cells takes place, and it is natural to suppose that the coproporphyrin III in the urine may be derived from these destroyed cells. According to the accepted theory (Lemberg, 1935) h.moglobin is normally converted to bilirubin without the formation of porphyrins at any stage, but methaemoglobin could not go through the same chemical changes, unless indeed it was first converted into hamoglobin.
Methaemoglobin probably undergoes quite different chemical changes, and is eventually converted into coproporphyrinIII.
The control of the toxicity of the sulphanilamide type of drug on the erythropoietic mechanism, by urinary porphyrin analysis, has already been stressed by Rimington (1938) . The conclusions concerning the mechanism of methaomoglobin and coproporphyrin formation have been reached after a study of the chronic toxicity of these drugs, but it seems pertinent to direct attention to the possibility that the same mechanism may be responsible for the therapeutic activity of both the antipyretie and sulphanilamide types. In this connexion it is of interest to note that Mayer (1938) has associated the therapeutic efficiency of the aminobenzene-sulphonamide drugs with the oxidation compound formed in the tissue. Thus he finds p-hydroxylamine-benzene sulphonamide much more efficient invivo than sulphanilamide itself, but correspondingly more toxic. More important still, is the claim that p-hydroxylamine-benzene sulphonamide is active in vitro. At the same time Levaditi, Girard, and Vaisman (1938) have showN-n that compounds like hydroquinone and p-aminophenol, which are known to be effective antipyretics, have a definite curative action in experimental gonococcus and meningococcus infections.
THESE notes are the summary of the results of personal investigations on methemalbumin made in London and Macedonia during the last five years.
Methoemalbumin is a brown extracorpuscular pigment first described by Fairley and Bromfield (1934) in blackwater fever and subsequently named by the writer (1937) pseudo-methoemoglobin, owing to its resemblance to methoemoglobin with which it had formerly been confuised. Following its synthesis from alkaline hmatin and crystalbumin I have recently renamed it methlmalbumin (1938) . Methmemalbumin has now been demonstrated in the plasma in incompatible transfuision, nocturnal, and other types of hoemoglobinuria except myohmemoglobinuria, and in certain haemolytic anoemias without haemoglobinuria. It mav also be present in large amounts in pancreatic cyst fluid, and heematosolphin.
Spectrum -If plasma, collected from a severe case of blackwater fever some twenty-four hours after hoemolysis has commenced, be examined, the spectrum is found to consist of an a band in the red (623-624 ,u,u) about midway between that of methoemoglobin (630 yti) and sulphoemoglobin (618 utim), a well-defined ,f band corresponding to the a band of oxyhmmoglobin and a diffuse general absorption commencing in the green at about 548 [qj depending on the concentration of different pigments present.
Tf a similar specimen be collected some twenty-four hours after hamolysis has ceased, it is occasionally possible to obtain plasma which contains no demonstrable haemoglobin in a layer of 3 cm. thickness. Spectroscopic examination under these circumstances fails to show the presence of the I8 band, only the a band in the red and the diffuse general absorption in the green portion of the spectrum persisting. Similarly, in any intravascular haemolysis direct spectroscopic examination of the plasma reveals this composite spectrum resembling methaemoglobin, which can only be differentiated with certainty on the Hartridge reversion spectroscope or by certain chemical tests. Thus the addition of concentrated ammonium sulphide (1/10 volume) to each c.c. of serum results in the formation of a haemochromogen with metha&malbumin, whereas methaemoglobin forms only reduced hoemoglobin. If 1 drop of diluted ammonium sulphide (10%) or 2 drops of Stoke's reagent be added per c.c. of
